Background: Hepatoerythropoieticporphyria(HEP)isusually a severe form of cutaneous porphyria, characterized biochemically by an increased urinary excretion of polycarboxylated porphyrins. The disease is the result of a profound deficiency (Ͻ10% of normal activity) of uroporphyrinogen decarboxylase (UROD) activity. Hepatoerythropoietic porphyria is inherited as an autosomal recessive trait, whereas familial porphyria cutanea tarda is dominant. At least 30 different mutations of the UROD gene have been identified in patients with HEP and familial porphyria cutanea tarda, with 1predominantmissensemutation(glycine-to-glutamicacid substitution at codon 281) in Spanish patients with HEP.
Background: Hepatoerythropoieticporphyria(HEP)isusually a severe form of cutaneous porphyria, characterized biochemically by an increased urinary excretion of polycarboxylated porphyrins. The disease is the result of a profound deficiency (Ͻ10% of normal activity) of uroporphyrinogen decarboxylase (UROD) activity. Hepatoerythropoietic porphyria is inherited as an autosomal recessive trait, whereas familial porphyria cutanea tarda is dominant. At least 30 different mutations of the UROD gene have been identified in patients with HEP and familial porphyria cutanea tarda, with 1predominantmissensemutation(glycine-to-glutamicacid substitution at codon 281) in Spanish patients with HEP.
Observation: A5-year-oldpatientwithfirst-degree-related parents presented with HEP and mild symptomatology. We found low levels of UROD enzymatic activity and a new homozygous mutation of the UROD gene, a phenylanine-toleucine substitution at codon 46 (F46L). Both parents were healthy carriers of the mutation. The mother had reduced UROD activity (50% of normal), whereas the father had normal UROD activity. Prokaryotic expression of the F46L mutation using a pGEX vector has been used to confirm the deleterious effect of the mutation. When the mother started a new pregnancy, a prenatal study showed the absence of F46L mutation in the fetus and no accumulation of porphyrins in the amniotic fluid.
Conclusions:
A new mutation in the UROD gene causes a mild HEP phenotype. A normal UROD enzymatic activity was observed in the father, despite the presence of the heterozygous mutation. To our knowledge, this observation is the first description of a prenatal exclusion of HEP.
Arch Dermatol. 2002; 138:957-960 F AMILIAL PORPHYRIA cutanea tarda and hepatoerythropoietic porphyria (HEP) are cutaneous porphyrias associated with mutations in the gene encoding the enzyme uroporphyrinogen decarboxylase (UROD). Hepatoerythropoietic porphyria is transmitted as an autosomal recessive trait and is characterized by severe photosensitivity, skin fragility, and hypertrichosis. Usually, a profound deficiency in the erythrocytic enzymatic activity of UROD is observed. [1] [2] [3] [4] At least 30 different mutations have been described in the UROD gene, [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] with 1 predominant missense mutation (a glycine-to-glutamic acid substitution at codon 281) in Spanish patients with HEP. 11, 15, 16 We herein describe a patient, aged 5 years at the time of the diagnosis, whose parents were first-degree relatives. The young boy showed mild symptomatology, low residual UROD activity, and a new homozygous mutation of the UROD gene, a phenylanine-to-leucinesubstitutionatcodon 46 (F46L). Both parents were healthy carriersofthemutation.Themotherhadreduced UROD activity (50% of normal), whereas the father had normal UROD activity. When the mother started a new pregnancy, a prenatal study showed the absence of the F46L mutation in the fetus and no accumulation of porphyrins in the amniotic fluid. A healthy girlwasdelivered,withnormaldevelopment.
REPORT OF A CASE
A 5-year-old boy, with no relevant personal or family history, had a syndrome of skin hyperfragility and photosensitivity since 2 years of age. His urine was dark. Cutaneous lesions appeared as vesicles, blisters, and erosions on the face and the dorsa of the hands. Lesions resolved with superficial scars and milia cysts. He presented with hypertrichosis on the face, limbs, and trunk. In the past 3 years, the patient has not presented with any active lesions, and only some superficial scars and mild hypertrichosis remained visible (Figure 1 ).
LABORATORY DATA
The young boy had a typical profile of porphyrin accumulation, ie, an excess of uri- nary uroporphyrin and the presence of isocoproporphyrin in feces ( Table 1) . Erythrocytic UROD catalytic activity was dramatically decreased ( Table 2 ). The diagnosis of HEP was therefore made and confirmed by UROD gene analysis. However, the erythrocytic UROD catalytic activity determined in the parents showed surprising values ( Table 2 ). The mother had the expected reduced UROD activity (50% of normal), whereas the father had a normal level. This result was confirmed by iterative analyses at an interval of a few months. Results of additional analyses included a normal reticulocyte count in the father and normal porphobilinogen deaminase catalytic activity in both parents. These findings were consistent with a normal rate of heme biosynthesis, as will be discussed later.
OBSERVATION

DNA STUDIES
A point mutation in the third exon of the UROD gene was found at codon 46, a phenylalanine-to-leucine substitution (F46L). The boy was homozygous and the parents were heterozygous for the mutation (Figure 2) . Prokaryotic expression of the F46L mutation using the pGEX vector confirmed the deleterious effect of the mutation; the mutant pGEX UROD F46L mutation had 1% residual UROD activity ( Table 3) .
PRENATAL EXCLUSION OF HOMOZYGOSITY
A year later, the patient's mother started a new pregnancy. She asked for a prenatal study for HEP. Analysis of amniotic fluid showed no accumulation of porphyrins. Analysis of the UROD gene on the chorionic biopsy sample showed that the fetus was a healthy homozygote with no F46L mutation ( Figure 2) . A healthy infant girl was delivered. Later clinical, biochemical, and enzymatic studies (Table 2) confirmed that she remained healthy.
COMMENT
This report describes a new missense mutation of the UROD gene in a young patient with HEP. The observed mutation was homozygous, a frequent finding in related parents, but it is associated with a mild phenotype. This finding may be related to the structural change in the UROD protein. The amino acid change predicted from the gene sequence is not drastic; phenylalanine is substituted for leucine, and both amino acids are neutral and hydrophobic. Moreover, according to the crystal structure of the UROD protein, 19 position 46 in the amino acid chain is not included in the predicted substrate binding site. The deleterious effect of the mutation is clearly demonstrated by prokaryotic expression of an F46L mutant complementary DNA. The dramatic decrease of UROD catalytic activity in the F46L mutant brings evidence of a rare polymorphism of the UROD gene sequence associated with subnormal catalytic activity of the enzyme. Moreover, we analyzed the overall UROD gene sequence, and the F46L mutation was the only one observed.
This observation is also, to our knowledge, the first description of a prenatal diagnosis in HEP. Porphyrin accumulation in amniotic fluid has been demonstrated in congenital erythropoietic porphyria, [20] [21] [22] [23] and genetic analysis confirmed the prenatal diagnosis. 23 In the present observation, prenatal exclusion of the disease was based on the correlation between the absence of the accumulation of porphyrins in the amniotic fluid and results of UROD genotyping of DNA from a chorionic biopsy sample.
The enzymatic profile observed in the parents of the affected child remains intriguing. The parents have been characterized as healthy carriers of the F46L mutant allele. However, the father demonstrated normal UROD cata-
METHODS
PORPHYRIN MEASUREMENTS
Porphyrin levels were quantitated by means of spectrofluorometry (excitation at 405 nm; emission at 595 nm) on an F4500 fluorescence spectrophotometer (Hitachi, Ltd, Tokyo, Japan). Porphyrin profiles were identified by means of high-performance liquid chromatography as described elsewhere.
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UROD ASSAY
Enzymatic activity of UROD was measured in hemolyzed blood, using high-performance liquid chromatography with pentacarboxyl porphyrinogen I as a substrate. 18 Results are expressed as nanomoles of coproporphyrin I formed per hour and per milligram of hemoglobin. Hemoglobin level was measured by means of Drabkin's reagent (Sigma Diagnostics, St Louis, Mo).
DNA ANALYSIS
The DNA was prepared from whole blood and chorionic biopsy samples by means of phenolchloroform extraction. Four genomic segments of the UROD gene were obtained by in vitro amplification (polymerase chain reaction [PCR]) as previously described. 11 Sequencing was performed using a dRhodamine terminator cycle sequencing kit (PerkinElmer, Applied Biosystems, Courtaboeuf, France) on the automatic sequencer (ABI 377; Perkin-Elmer). Sequencing profiles were aligned using the Sequence Navigator program (Perkin-Elmer).
SITE-DIRECTED MUTAGENESIS
The F46L mutant complementary DNA was constructed by means of sequential PCR steps on overlapping PCR fragments that contained the mutation and that were obtained from the normal UROD complementary DNA, as previously described. 11 The final mutant PCR product was cloned in the expression vector pGEX-2T(Amersham BioSciences, Orsay, France) by use of BamHI and EcoRI restriction sites. The integrity of the construct was checked by sequencing. Finally, the normal and mutant pGEX constructs were grown overnight, before a 3-hour induction with 2mM isopropylthiogalactoside. Bacterial lysates were washed with phosphate-buffered solution and lysed by means of sonication for enzymatic assay.
(REPRINTED) ARCH DERMATOL / VOL 138, JULY 2002 WWW.ARCHDERMATOL.COMlytic activity instead of the expected 50% decrease, as observed in the mother. As described previously, 24 a primary erythrocytic disorder can be accompanied by increased porphobilinogen deaminase levels (porphobilinogen deaminase is the rate-limiting enzyme in heme biosynthesis) and urodecarboxylase enzymatic activities. The father had a normal reticulocyte count (1.6%) and a normal level of porphobilinogen deaminase catalytic activity (126 pmol/h UROD per milligram of hemoglobin compared with the reference range of 120-280 pmol/h UROD per milligram of hemoglobin). These data reflected a normal rate of heme biosynthesis and excluded the hypothesis of an artifactual increase in UROD activity secondary to a red blood cell disease in the father.
A similar observation has been described in an Italian family. 25 A mild phenotype was observed in a 32-yearold woman with related parents. The UROD catalytic activity was normal in the father and was reduced to 9% and 50% in the proband and the mother, respectively. Illegitimacy was excluded by HLA haplotype findings, but UROD gene mutation analysis was not reported.
In our report, the transmission pattern of the mutant allele excluded the hypothesis of illegitimacy and the occurrence of maternal isodisomy (the presence of 2 homologous chromosomal fragments from the same parent).
We hypothesized about the presence of an overexpressed normal allele in the father. However, we had no evidence of a higher expression of the normal RNA in the father compared with the mother, using RNA extracted from lymphoblastoid cells established from peripheral leukocytes.
In our observation, the normal UROD catalytic activity may result from other regulatory factors, not necessarily genetic, as observed in familial porphyria cutanea tarda, especially in the area of iron regulation. 26, 27 Accepted for publication October 10, 2001 .
This *Bacterial lysates were obtained after an overnight culture followed by induction for 3 hours with 2mM isopropylthiogalactoside (IPTG), and uroporphyrinogen decarboxylase (UROD) specific activity (SA) was measured using pentacarboxyl porphyrin I as a substrate. 
